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吸积领域的研究热点，即 ADAF 模型，给出了 ADAF 的自相似解、整体解和应










中等时（中等 α～0.01），流体存在三个区，内区是 ADAF，中区是 CDAF，外区
则一直接到开普勒盘。对流主导的中区只存在于从几十个 Rg 延伸到几千个 Rg 的
范围；当粘滞强度很小时（小 α～0.001），流体存在二区结构，内区是 ADAF，















































Gravitational energy is the energy source of many astrophysical systems in the 
universe, such as quasar and X-ray binaries, etc, and accretion is an effective 
mechanism of releasing gravitational energy. By the study of accretion disks, people 
can explain many phenomena on observation, such as luminosity and radiation 
spectrum, etc. Accretion has become an effective tool for people to understand a 
variety of high energy phenomena in the universe. 
The first chapter of this thesis introduces the sorts and formation of black holes; 
briefly reviews the current situation and progress of the theory of black hole accretion 
disks. Four known accretion models, namely the Shakura-Sunyaev disk (SSD), the 
SLE (Shapiro, Lightman & Eardly) disk, the Slim disk and the ADAF, are briefly 
introduced. We concentrate our attention on the ADAF model, which has become hot 
in the domain of accretion in recent years, and give the self-similar solutions, global 
solutions and application of ADAF model. Bimodal black hole accretion disk－
SSD+ADAF has been widely used to explain the radiation spectrum of black hole 
X-ray binaries and galactic nuclei, we describe the transition mechanism of SSD－
ADAF from the view of balance analysis for energy, and introduce the 
time-dependent evolution of accretion disk and try to give some apocalypse for the 
natural transition of SSD－ADAF. At last, we introduce the current situation and the 
deficiency of CDAF model. 
Convection, radiation and conduction are the three ways in transferring energy. 
Because of the low density of matter in the universe, conduction can be essentially 
ignored. Nowadays, people have done a lot of works about radiation but only few 
works for convection. In the second chapter we systematically investigate the CDAF 
model and give the global solutions of CDAF. This chapter contain two parts: The 
first part studies the global solutions of CDAF which does not contain radiation, we 
get three types of global solutions depending on the value of the viscosity parameter α: 















three zone solution for moderate α (α~0.01), the inner zone is ADAF, the middle zone 
is CDAF and the outer zone extends outward to match a Keplerian disk, the middle 
zone of convection-dominated spreads from several tens of gravitational radius (Rg) to 
several thousands of gravitational radius; When the viscosity parameter α is small 
(α~0.001), the flow has a two zone structure, the inner zone is ADAF and the outer 
zone is CDAF, the transition radius is about several tens of gravitational radius. As a 
validation to the CDAF model of non-radiation, we calculate the global solutions of 
CDAF including radiation, we find the global dynamical solutions are consistent with 
the first part, but radiative cooling plays an important role in the 
convection-dominated zone. 
In the third chapter we introduce a new numerical code which combines the 
standard pseudo-spectral method and adaptive domain decomposition together, with 
this code, we can study the time-dependent evolution of the inner region of accretion 
disk which is thermally unstable. We made some improvements in the numerical 
methods: we advance a simple and useful connection technique to ensure a 
numerically stable continuity for the derivative of a physical quantity across the 
interface of two conjoint subdomains, and construct a new mapping function to map 
the CGL collocation points and physical collocation points, the adjustable mapping 
function enables us to follow adaptively the region that is with the stiff problem and is 
shifting in space during the time-evolution. We improve the basic equations by 
including two viscous force terms Frr and Fφφ in the radial momentum equation and a 
corresponding viscous heat term in the energy equation, and we think this is more 
natural in physics. Then we get limit cycle behavior of accretion disk in the case of 
moderate viscosity (α~0.1) and give the Bernoulli function. We find the Bernoulli 
function is negative everywhere in the case of moderate viscosity, so the accretion 
disk hasn’t outflow. 
The fourth chapter gives summing-up and next work plan for the future. 
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密近双星。最著名的黑洞候选者就是 CygX-1，CygX-1 不断地向外发出 X 射线，








释太阳的能量从何而来这样一个基本问题。德国学者 Helmholtz 于 1854 年提出
了第一个科学意义明确的恒星能源模型，指出恒星的能量来自它们在收缩过程中
所释放出来的引力势能。对于太阳，这个时间尺度约为 3×10 7 年，不仅远短于













109 年，怎能还有氢留存至今以构成恒星呢？另外在 X 射线双星中，对于一个恒
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